Abstract. The paper intends to investigate the changes of Heart Rate Variability (HRV) indexes of healthy drivers while driving on a real urban road environment in order to excavate the variation of drivers' driving workload when turning left. Electrocardiograph (ECG) was recorded continuously while drivers driving on a familiar road. The data from three drives were collected for analyzing every fifty minutes. We mainly analyzed the RMSSD, PNN50 and LF/HF of HRV in time-frequency domain which reflects the activity of autonomic nerve and sympathetic nerve. The HRV was extracted from the ECG signal de-noised and filtered. The results show that RMSSD, PNN50 and LF/HF of the driver obviously increased when turning left on the urban road. This reflects that drivers' HRV will be changed significantly with the heavier visual workload. Our findings indicate that physiological signals can provide a metric of driver stress in future cars capable of physiological monitoring.
Introduction
The complexity of urban traffic increases the risk of driver distraction, which increases the driving workload due to the heavier visual task. Workload is the quantity of a person's cognitive capacity necessary to perform a certain task (O' Donnell & Eggemeier, 1986) [1] . Research about driving workload is mainly focus on the mental workload. According to Yerkes-Dodson's law, while in the high level of mental stress, extremely is easy to cause the driver generate a sense of tension and stress. Accordingly, driver may occurs distraction or error in the aspects of perception and decision making, and eventually lead to the traffic accident [2] . Mental workload under the influence of external traffic environment, individual characteristics (include sex, age..), and the mood of driver while execute the corresponding driving tasks or not related [3] . Effective real-time monitoring of the driver's driving workload can prevent and reduce traffic accidents effectively. Psychophysiology attempts to interpret the psychological processes through their effect on the body state, rather than through task performance or perceptual ratings.
Researchers testified that HRV is a sensitive index for evaluating the mental workload of operator in the field of human factors engineering. Benjamin Eilebrecht [4] studied the relationship between HRV parameters and the mental workload used ECG data acquired from real driving environment. They found that the LF of the HRV obtained by AR transform or FFT transform has better correlation with mental workload. Andreas Henelius [5] shows that the HRV metric can hence be used to distinguish between a low and high mental workload condition during a computerised multitask test. Meshkati, N. [6] (1988) states that heart rate variability is probably the most used physiological measure in workload measurement and references other literature, noting the varied effectiveness of heart rate variability in workload assessment.
Turning left at the intersection, driver need to pay attention to avoid collisions with other vehicles. Mental workload may increase heart rate and decrease heart rate variability at the same time. HRV may be especially useful to collect detailed information of the drowsiness cycle and anticipate risky 3rd International Conference on Materials Engineering, Manufacturing Technology and Control (ICMEMTC 2016) situations while driving. In this paper, we present our analysis based on the time-frequency domain features of HRV. Noelia Rodriguez-Ibañez [7] found that comparing drowsy and alert periods show significant differences (p<0.05) for SDNN,RMSSD, PNN50, AFS, LF/HF and MEDF.
Methods

Participants
To reduce inter-subject differences, three male experienced volunteers with more than three years of driving experience were performed the experiments. The participants have no history of cardiovascular disease, and were supervised in order to ensure that they remained adequate sleep. They were prohibited to eat tobacco, alcohol, tea, coffee and other food or medications that may affect the heart rate. Simultaneously, subjects were avoided strenuous exercise before the experiment.
Experiment and Data Collection
The measurements were performed in an ordinary car. The subject was attached to electrodes which were connected to an ambulatory ECG monitoring system, supported by a battery with power supply independence time approximately two hours. In order to meet the test requirements, subjects were required driving on a known route in urban road using a same car. Mitra Taghizadeh-Sarabi [8] introduced a new procedure analyzing turning left and right during driving with constant speed in a pre-designed path. In the experiment, we refer to the above driving scenarios, and varied automotive steering as the independent variable we assumed this will lead to a higher driver workload. For the purpose of the experiment we select a way consisting of several different segments. The ECG data were recorded by ErgoLAB man-machine environment synchronization platform at 512 Hz on a PC running software.
Data Analysis
The indicators of this work's driving workload analyzing we measured Heart Rate and Heart Rate Variability (HRV), which were generated by ECG. The original ECG signal containing noises includes Power-Line interference, baseline drift and Electromyographical interference. The R-peaks could obtained from the ECG signal, which filtered using Wavelet transform. RR interval is calculated through the R-peaks sequence, and it is the basis of the analysis of Heart Rate Variability. Analyzed time domain indexes were the average Heartbeat interval (AVNN), the value of average heart rate (AVHR). the standard deviation of the time series (SDNN), the standard deviation of the differentiated time series (RMSDD), the adjacent RR interval standard deviation percentage greater than 50ms (PNN50). Frequency domain index is mainly focused on LF/HF. AVNN and AVHR is calculated by (1), (2),
RR is i-th RR interval, and N is the number of the total RR interval for analysis.
Where _ num R is the number of R-peaks, n R is the position of the n-th R-peak. Time domain indexes of HRV is calculated by(3), (4).
SDNN • ∑ （3）
Where RR is the average value of RR interval sequence.
RMSSD ∑ （4）
Frequency domain analysis of HRV using the modern power spectrum estimation method.-AR model.
The three experimental objects' HRV data were analyzed using the statistical software SPSS. Both time domain and frequency domain indexes were considered to explore the HRV changes due to different driving path. The following Table1 is the time-frequency domain indexes of HRV while turning left, Table2 is in the general straight road. 
Results and discussion
The results of data analysis show that studying the time domain indexes of HRV while turning left, the RMSSD and PNN50 index have significantly increased when comparing with driving in the straight road. On the other hand, LF/HF also increased. RMSSD and PNN50 reflect the transient change of RR interval, which can be used to evaluate the vagal activity index. The two indexes increased with the increase of vagal tone [9] . LF/HF reflects the dynamic balance of the sympathetic and vagal activity. The value of LF/HF represents the sympathetic nerve excitability, which is correlated with mental workload.
Conclusions
This paper has explored the change of HRV in driving to assess the driving workload by physiological measurement. The result shows that there are not significant differences between driving straight and turning left for all indexes but RMSSD, PNN50, LF/HF. Results suggests that the vagal activity enhanced and the balance of autonomic nervous activity declined with the increased driving workload. Such finding might provide a theoretical basis for the Auxiliary Driving System to alert the driver according to different driving workload.
